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SUMMARY PAGE

PROBLEM

Human performance tests are used for a variety of
personnel management purposes. In each case, the tests
to measure some ability which is needed for performance
problem is that there is no well-established method for
ability requirements of jobs, and hence it is difficult
priate performance tests.

FINDINGS

research and

are supposed

of a job. The
specifying the
to choose appro-

Task analysis can be used to specify the ability requirements of
jobs. A variety of task analysis methods are illustrated by the papers
in this collection, and their application to enumeration of ability

requirements is described.

RECOMMENDATION

It is recommended that task analysis be employed prior to perform-
ance test selection so that tests can be chosen to be relevant to Navy

jobs.

The work was funded by the Naval Medical Research and Development
Command and by the Biological Sciences Nivision of the Office of Naval Research.

ii




Table of Contents

Task Analytic Approach to Human Performance
Battery Development

by R. H. Shannon ....eveeneevesresasesssssssscsssssssscsssasossssns

The Validity of Task Analytic Information to
Human Performance Research in Unusual
Environments

by R. H. Shannon .......uiuirenorroroevenrssscasesssaorossesasssnonans

Performance Evaluation Tests for Lavironmental
Research (PETER) using Task Analysis

by R, H., Shannon  ..c..euvesssesosececcesssssosossoasoossssssntsooncns

The Utility of Task Analytic Techniques to
Research in Unusual Environments

by R, H., Shannon .......ceceieeeessessosusonosossesossarssonossssasncss

Comparison of Tactical Naval Work Stations
Within the Air and Sea Enviromments

by R. H. Shannon and R. C. Carter ......ccceevvcrvorsrsssssasssoncnns

r Aecrssaion For

NTI3  GRAXL
ITIC TAB
Uonnonse

[

11

17




Trocea drones ot thy o Caris Sy condre er the tuman S tore.

so- b o tober 1O

FASK ANALYTIC APPROACH TO HUMAN

Richard H.
Naval Biodynanics Laboratory, New Orleans, 1A 70189

ABSTRACT

Task analyt{ec methods were used to {solate critical components of naval student flight perfor-
e, Thig goal was accomplished by ut{'tzing factyr and regresston analyses to compare student man-
vaver errors furing primary training to the overall phase grades of primary, basic and advanced. The
resaits indicated that flight abillty skills dappedr to be best measared by hasic transitlons, coordina-
These {tems conll be measured within a flight simula-
tor. !n a laboratory, these skills could hest be measured by o performance hattery which contained
seaory, problem-solving, continuous trackin, tasks, and 4 tlme-sharing capability between continuous
In conclusion, the task analytle procedure wus determined to be a feasible
tad usefal undertaking in the development of perforuance medasarement systems such as the PETER project.

tion flying aud entries to dirty coafliguratioas,

*racking and discrete tasks,

INTRODUCTION

T™e Naval Bifodynamfcs Laboratory (NBL) In New
Jrleans is presently attempting to develop a human
serformance battery (PETER, Performance Evaludtion
rests for Envirommental Research), which will be
wsed to study behavior under unusual and adverse
couditions. To facilitate the accomplishment of
this godl, a task analysils of varlous '. S. Navy
jobs and work statlons will be conducted. In
general, the steps to be followed from inventory
levelopment to battery implementation will he:

(i) Research and evaluate the exfsting literature
ii the areas of task analysls, battery developnent,
and performance assessment; (2)  Tsolate the
critical work statlons onboard U. S. Navy ships
which are lmportant to its peacetime and combat
missions; (3) Complete a task ilnventory of these
critical work statious; (4) Develop a question-
ndaire in order to Isolage the recurcing critical
elenents pertalning to a particular work station;
(3) Translate these elements into perceptual-
pavchomotor behavioral components; and  (6)  Design
A perceptual —psyvehomator battery to be used at NBL
wnich is compatible with the existing work of PHETER.

Previously, the author had followed a similar
outiine for the purpose of leveloplng a perfor-
wice hattery Which would assess student pilot
behravior. Although the battery was never developed
ir inptemented, most of the necessary work had
heen condurted.  The purpose of thils report will
e ey disens s this prior effort because the methn-
. lata enallection, and analyses will have a
Hraat Igpact upen the Satare direccion of the

v

program. "o oanother paper, the autho-
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Choamaon, 2800 ad discussed the developmernt of
ver sk Ingent sries, the isolation o critical
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Vb iaate leadpn ot oa pertormancse nattery,

METHOD
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PERFORMANCE BATTERY DEVELOPMENT

Shannon

Sevfety ) Tos Sneceles 8

classify recurring student pilot flight errors
during primary flight training in the T-34% air-
craft. This taxonomy deplcts pllot performance
as a joint function of continuous and discrete
conmunlcations, scanning, and controlling opera-
tions that occur in a four dimensional {nflight
environment of pitch, roll, yaw, and thrust.

These tasks are performed as part of an informa-
tion processing loop between the pilot, atrcraft,
and the environment. This feedback lnop contains
the components of display, sensory, cognition,
motor and control. Thils classification model,
which can be found in Shannon (1980), uses two
operations, nine activities, and 35 functional
objectives. Discrete operations are de ined as
individually distinct movements or med:ating
responses elicited by environmental cu-'s. Contin-
uvous operations contain those tasks {nvcolving
multidimensional tracking responses to either
contact cues outside the cockplit or flight Iinstru-
ment cues within the cockpit. A task activitv is
a qualitative category whose matln function involves
e{ther a sensory, cognition, mntor, or coordinated
perceptual-motor task, The nine activities used
in this paper are: continuous tasks involving
control of the pitch axls, roll axis, yiw axis,
thrust axis and the hrakes; and discrete tasks
involving control of atrcraft subsystems (proce-
dural), judgment and planning (anticipation/
planning), transfer of information (communication),
and searching and scanning (monitor). Finally,
functional objectives are tasks having the same
activity, goal-orientation, sensorv cues and task
elements. For example, continuous pltch axis
control contalns the oh‘ectives to maintain
altitude, alrspeed, nose attitude, and stick
pressure.

The data in this study were collected prior
to 1977 aud the revizion of the naval aviation ‘
tralning progran, At that time, training on- !
siyted of four phases:  primarv, basic, advanc-ed .
and the replacement 4iv group. This stadv wiil i
concern itself withh tie first three phases, A 3
content aaalysis was performed on the wrading !
sheets At the primary phase of two samplies of 3% l
students, a total sample size of 78, These
sradine sheets contained data on bot)i sidesx
pertalning to a stadent’s perfomance on a darti-
cuiar hop. On the front page, the aancuvers that
were performed with their assoctated prade {ahow




averdge to unsatisfactory) are listed. When a
below average or unsatisfactory grade was assigned,
the {nstructor had to justify his mancaver gralde

by [isting on the back page of the pgrading sheet
the errors committed by that student.  The analyses
fn this paper were performed on these writton
compents and classified using the taxonmmic model
Jdescribed to the previous paragraph. There were
2,181 errors for 550 below average/ unsatisfactory
grades in the first sample, while the second

sanple commlitted 2,093 errors for 529 helow average/
unsatisfactory grades on the 15 maneuver and three
plobal (headwork, procedures, bas{c afrwork) {tems
which demonstrated deficient performance,

In addition, these errors were further classi-
fled as to fundamental flight artitude for contin-
uous operations and task purpose for discrete
operations. The fundamental tlight atetitades used
{n the analvsis of continuous tasks were straight
cllwb, climbing turn, straight descent, descending
turn, level turn, stralght and level, and ground.
M the basls of these seven attitudes, {t was
possible to characterize a wmaneuver daccording to
transitions from one flight attitude to another or
the maintenance of a particular flight attftude.
The compdrison of discrete tasks was performed
using the purpose for task execution as the basis
for the analysis. For example, the following
reasons for performance of the functlonal objective
"anticlpation of a particular positlon" were: to
initiate turn completion, to commence a turn, to
comminicate a voice report, and to add/retract
power., This effort resulted In 89 and 74 cate-
gories of continuous and discrete flight errors,
respectively.

These two sets of error categorles were
tactor analvzed separately by the principal axis
and rotated by the varunax. These methnds tend to
maximize the percent >f common variance shared by
a factor while minimizing the overlap between
factors. In addition, the factor analyvtic output
resulted in factor scores which are the sum of the
products between maneuver weights aud error cate-
gory standard scores on each manenver. All error
categories with a factor score greater than 1.0
atd 1 maneuver factor loading greater than .21
were used in the prediction model. Student error
scores were recomputed from this more selective
item pool by multiplying the errors in each cate-
gory by the maneuver factor loading. Each of
these products were then summed within a maneuver
and acruss maneuvers to give a recomputed factor
error score for each student. This is not the
first time factor analysis has heen used with
respect to naval aviation training (Batir, Lockman,
Martoccia, 1956; b,oth, Berkshire, 1968; Wherry,
Waters, 1960; Bale, Smith, Ambler, 1972). 1In each
of these cases, the analysis used grades durlng
the varfous phases of training. The present study
Jitffered, however, by uslng instructor comments
rranslated into errors as the basis for the

analysis.

Sinve content and concurrent vai ity of the
primary phase data had been establisheld Dy oauosther
study (Shannon, 1980), the next step was 1
estahlish predfctive valfdity and the relattonshty
of fultial flight pertommance to later plgses f
training. A series of stepwise regression analve
ses were performed using the overal! phase wrales
for primiry, basic and advanced as criterion
measures on the first sample of 39 students.
Multiple correlations were Jdetermined using the
recomputed student error scares on each factor as
tndependent variables. Cross-validation con-
sisted of using the sase mancuver loading-, error
categories, factor structure and regression heta
welghts on the three criterfon measure equat{ons
from the first sample to analyze the second
sample. With the data valtidated, both sdmples
were combined (N=78) and a third series of Leglos=
slon equations were computed using the same jicise
grades.

RESULTS AND DISCUSS[ON

From the two separate varimax rotations,
twelve factors were identified, five continu. =
and seven discrete, each explaining 39% and k4%
nf the tatal variance respectively. Table |
contains the results of these two rotations with
only the factor loadings of .21 and ahove befng
shown., These factors were called continuous
tasks during ffeld entries, emergency tandings,
unusual ateftudes, spins and basic alrwork perfor-
mance; and discrete tasks that occurred during
transitions, stall recovery -nose high ur nose
low, emergency landings, cleariag’ break turns,
slow flight, and course rule performance. Ta'le
2 outlines each factor by name and its significant
functionai activities, functtonal ohject{ves, and
fundamental flipght attitudes (continuous t.asks)
or flight purpose (discrete tasks). In other
words, the significant error categorles are
T{sted Yy factor.

Table 3 contains a correlati{onal matrix for
hath predictor factor variables aud criterion
stage grade vartables. The correlations in the
mitrix indlcate that five of the twelve fact re
have a rather cousistent affect on perfommance
theoughout pilot training. The significant .an-
tinuous factors Jndicate that maintaining alticude
and airspeed (pitch), mafintaining distance (ro)
and maintaining heading (vaw) {n varions funda-
mental flight attitudes (turns, descents. climbs,
straight and level) are important. On the other
hand, the critical discrete factors are: (1) t.»
use the throttle and to anticipate airspeed and
altitude so as to initfate a descent or ta leve-
off from a descent; (2) to ratse the gear on
departure, to anticipate altttude for level-ot €,
and to determine geographic locatinn so as o
adhere to Inflight procedural rules; and (3) o
use throttle, prop, flaps appropriately when
entering slow flight. 1In addition, two factors,
fleld entrles (contlnuous) and transitions (3is-
crete), are highly correlated (r = .70, The im-
portant grading items vutlined hy these five
factors are - headwork, basic airwork, procedures,

ittt a NP TR WY Py Y Laat.
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standard and home fleld entries, slow flight,
transitions and course rules. In general, these
results indicate that basic atrwork skills, phystcal
voordination, good scan pattern, knowledge of pro-
cedures, ability to plan ahead of the afrcraft,
capability to time-share and handle workload

stress are lmportant attributes throughout training.

These skills or abilities seem to be best measured
during basic transittions, coordination flytng,
steep turns, and entries to dirty configuration
{lowering the landing gear). These items could be
studled either in a flight simulator or under
witudl flight condlitions. In a laboratory setting,
these skills could best be measured by a battery
which contained memory, problem-solviong, and
continuous tracking tasks as well as a time-sharing
c4pability between continuous tracking and discrete
tasks.

Table 3 also contains multiple correlations
0f the factor analytic scores at the three phases
of training. Three sets of data are presented:
irst sample of 39, second sample of 39 using the
same beta welghts for validation purposes, and the
combined sample. The follow'ng conclusions can be
drawn from thils table: (1) the taxonumic classi-
flratlon of student error has predictive validity,
(2) performance in primary training does predict
future atrborne behavior, which may indicate that
there 1s a general factor of "flight ability" and
that this factor concurrently exists with specific
criterion shifts and changes within the task
(changing~task model), (3} there i{s a decrease In
the predictive capability of the Jata base the
further a student progresses fn training, which
may lemonstrdte that there are specific as well as
1 hierarchy of skills betny developed throughout
cratning (changing-subject model). These last two
statenents direct attention to the controversy
surcoundiag temporal changes in ahility-skill
relationships (Alvares, Hulin, 1972).

The changing-task model (Fle{shma., 1966)
specifies that, In order to explain the decreasing
celattonships between ahilities measured early in
trilning and performance measires obtalned later,
e st relate different abllitles to performance
1t the sarlaus stages of skill acquisttion. In
other worls, the {ntervsal measuring system of
fri,r fastructors within nasal aviation changes
wer tloe (n that thetr emphasis upon specific

ritteal components or skills shifts hetween
traaing stages but remains relativelv constant

Wwer taoa stave,  Ther wexpect mre precise behavior
1t e rter fateprated perf{ormance 1s a student
Sroeresaes throug. tratning. Flelstaman ([99n)

“tatel o that the {mportance of nonmotor abllities

‘o oas, sensory, verbal) decreases systemati-

v owtt o o practice, relative to motor ah{lities,
idea can further be supported by Tahle 3

w0 dclastrgtes that continunous motor factors
Corencnt training appesc ra he more predictive
S 4t e omwore covnitive discrete taska, In other
Wor oL e sensorv, cogaltive and otor capahi-
T Cotae pilot are Lmportant, hat o rhe tota

creeqr e and waairement ot theae abilit{es can
woattatned Sy ochaesuing the aatpat varfaihics
art . capacity as 4 part of 4 feedback 1o

The changing-subjlect model (Adams, 1957,
Humphreys, 1960) gssumes that 1{viog organisms
show conatant change, and that measures taken at
success{ive {ntervals depict thiy change. In
other words, student abilities can be seen as
qystematically changing over time within a con-
stant task structure, For example, t'nderwond
(1977) clatmed that three of Yits laboratury tasks
(free recall, tist differenttation, interference
susceptibtifty) measured different memory abtli-
ties becausge of the jow correlatinns between
these tests, However, when the scores during the
stiahle perind of these three tests (Days 7-14)
were fartor analyzed, they demonstrated a high
amount of explained common variance (63 percent).
This difference appeared to be related to the
level of tralning of the subjects. lUnderwood
studted one day of learning while the factor
analyzed materia. {nvestigated the period after
s1x days.

To summarize, hoth models appear to explain
the decreasing courrelations of primary phase
errors with later phases of training. The process
of flight instructlon and assessment can be
viewed as a feedback loop between the student,
and the flight Instructor. The instructor esta-
blishes an internal measurement system of profi-
clent and critical performance based upon student
behavior and conversations with his peers. On the
other hand, the student conforms to the desires
and criticisms of the flight 1instructor. His
performance becomes more integrated as specific
abilitles-skills are intertwined within a hierarchy
as components of a4 more advanced ability-skill.
Within this context, the task and subject both
change over time, and therefore should better
explain why correlations decrease as the distance
between stiges of trainting increase.

The implications of the results of this
paper are significant to the future of the PETER
project, The author concludes from these analyses
that the task analytic procedure, of {solating
critical components of a job and then developi
performance measurement systems, training packages
and human engineering applications based upon
thegse components, is a feasible undertaking.
Therefore, task analysis will be an integral part
in the future development of a battery to assess
performance within unusual eanvironments at the
Naval Blodynanlcs lLaboratory.
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TABLE 1:  TWO VARIMAX ROTATIONS DREPLCTING FAUTOR LOADINGS BY GRADED DD0M, FACTOR ANDL GURL<AT LN
TTCONTINGOUS OFEAATLSNS T T T T ATIoN T
GRADED FLIGHT ITEMS O T U O B S U R S O S O O -
HEADWORK (HD) L4500 Lh4 .40 Ll L7 Mok
BASIC AIRWORK (BAW) .55 .27 54 A9 At
PROCEDURES (PROC) .61 93 2
APPROACH/LANDING/TAKEOFF (APP) .23 L2 21 Lal
STANDARD FIELD ENTRY (SFE) .83 57 .32 32
HOME FIELD ENTRY (HFE) .88 78 A
EMERGENCY LANDING h7 2k L5 32
PRACTICE (ELP)
HIGH ALTITUDE EMERGENCY (HAE .83 .77
LW ALTITUDE EMERGENCY (LAE) .65 .31
SLOW FLIGHT (S1) .58 .23 RS
TRANSITION (TRAN) .59 92
POWER-OFF STALL (POS) .23 .24 7%
APPROACH TURN STALL (ATS) .27 .99
PRECISION SPLN (PS) .61 .94
ACCIDENTAL SPIN (ACC SP) LA V24 . Q5
UNUSUAL ATTITUDES (UA) .h8B 87 50
WINGOVER (W0) .6b
COURSE RULES (CR) 4
‘ PERCENT COMMON VARIANCE 10.8 13.2 4, 4.4 611 3.7 10.5 8.1 12,4 7.9 h.7 4.5
' TABLE 2: SIGNIFICANT FRROR CATEGORIES BY FACTOR AND OPERATION

FACTOR NAME (MANFUVER):

FUNCTIONAL OBJECTIVE
(FUNCTIONAL ACTIVITY)

FUNDAMENTAL FLIGHT
ATTITUDE/FLIGHT PURPONE

A. CONTINUOUS TASK DURING:

1. FIELD ENTRIES
(SFE, HFF, BAW)

2. EMERGENCY LANDINGS
(D, PROC, ELP, HAFE, LAE)

3. UNUSUAL ATTIDIDES (UA, WO)

MAINTAIN ALTITUDE/AIRSPEED
(PITCH) AND DISTANCE (ROLL)

MAINTAIN AIRSPEED (PITCH) AND
AND RATE OF DESCENT/DISTANCE (ROLL)

MAINTAIN A CONTINUOUS RATE QOF
NOSE ATTITUDE
ANGLE OF BANK

STRAIGHT DESCENT, LEVEL TURN,
STRAIGHT AND {EVEIL

DESCENDING TURN
CLIMBING AND DESCENDING TURN

(PLTCH)Y AND
(KOLL) WHILE

MAINTAINING BALANCED FLIGHT (YAW)

e A Ay e -

-
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TABLE 2: (CONTINUED)
MAINTAIN A SPECIFIC NOSE ATTI-
TUDE (PITCH) ON ENTRY; OR
NEUTRAL STICK PRESSURE (PITCH),
NEUTRAL RUDDER (YAW) AND WINGS
LEVEL (ROLL) ON RECOVERY

STRAIGHT DESCENT ON ENTRY AND
RECOVERY

4. SPINS (PS, ACC SP)

5. BASIC AIRWORK PER-
FORMANCE (BAW, SF, TRAN)

MAINTALN ALTITUDE/AIRSPEED
(PITCH) AND HEADING (YAW)

STRAIGHT AND LEVEL, DESCENDING
TURN, STRAIGHT CLIMB

B. DISCRETE TASKS DURING:

e o P

1.

P~

TRANSITIONS (BAW, SPE,
HFE, TRAN)

STALL RECOVERY
(ATS, UA)

EMERGENCY LANDINGS
(HAE, LAF)

CLEARING/BREAK TURNS
(ELP, POS, PS)

USE THROTTLE (PROCEDURES), AND
ANTICIPATE AIRSPEED/ALTITUDE

USE THRCTTLE (PROCEDURES)

USE PROP/FLAPS/LANDING GEAR/
CANOPY (PROCEDURES) AND
DETERMINE LANDING AREA/WIND
DIRECTION (ANTICIPATION)

ANTICIPATE AIRSPEED/POSITION
(ANTICIPATION)

TO LEVEL-OFF FROM A DESCENT,
INITIATE A DESCENT, OR MAINTAIN
ALTITUDE

TO INITIATE A RECOVERY WITH FULL
POWER

TO CLEAN-UP FOR GLIDE, SELECT
LANDING AREA, PREPARE FOR
LANDING

TO ROLL INTO AND OUT OF A TURN
WHILE MAINTAINING A SPECIFIC
AIRSPEED WITH NOSE ATTITUDE

5. SLOW FLIGHT CONFIGURA- USE THROTTLE/PROP/FLAPS TO ENTER SLOW FLIGHT WHILE
TION (PROC, SF) (PROCEDURES) MAINTAINING AL ITUDE

6. STALL RECOVERY (NOSE USE THROTTLE (PROCEDURES) TO INITIATE A RECOVERY BY
LOW) (ACC SP, UA) CLOSING POWER

7. COURSE RULE USE GEAR/CHECKLISTS (PRO- TO ADHERE TO INFLIGHT OR FIELD

PERFORMANCE (HD, CR) CEDURES), ANTICIPATE ALTITUDE DEPARTURE RULES
AND DETERMINE LOCATION

(ANTICIPATION) i

WS 3

TABLE 3: CORRELATIONAL MATRIX AND MULTIPLE CORRELATIONS OF THE
PREDICTOR FACTOR AND CRITERION PHASE VARIABLES

_ i
- CORRELATIONAL MATRIX (Na78) MULTIPLE
CORRELATIONS

OVERALL PHASE CONTINUOUS FACTORS** DISCRETE FACTORS** TOTAL  1ST 2ND

GRADES*#*# 1 2 3 4 5 1 2 3 4 5 6 7 (N=78) (N=39) (N=39)

PR [MARY 633 - - - .502 .494 .322 .226 .282 .376 - .319 .743  .701 .686

RASIC L5316 - L2490 - L3120 423,320 - .269 ,256 -~ .327  .643  .627 474

ADVANCED L3900 - - - 26K L3470 - 2300 - 266 - 2AS 441 L527 L33 1%%

AVERAGE 5130 L0830 0 L3600 L4201 L 214 L0152 (184,299 O .304 - - - '
CORTETATION l

*  ALL CORRFLATIONS ARE ML :US VALUES AND ARE SIGNIFICANT AT P .05

*%  THIS CORRELATION p .05, REST p .0l

*%%x APPROXIMATE FLIGHT PHASE LENGTHS FOR AN AVERAGE TRAINING PERIOD OF 16 MONTHS:
PRIMARY (D-4 MONTHS), BASIC (5-10 MO.THS), ADVANCED (11-16 MONTHS).
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Wop priar o to solo. That s, after Hop 9, the
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anedvers withott committing any major errors.
Hon 12 was the safe-for-solo check flight, and {f
consgidered safe by the {astructor, the stadent
golned an Hop 13, Beglnning with Hop 4, the
fnatructor rated a student’s performance on the

21 maneuvers executed by assigning him elther an
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of a taxonomy and srandardized action verbs ts to
allow the analyst to classify human activities, to
have simflar meaning and wording withtn task
statements, and to perform a comwnality analysis
4Across maneuvers,

The initial maneuver descriptions utf{lizing
this conceptual model and the T-34 Primary
Maneuver Description handbook were checked for
completeness and accuracy by seven flight intruc-
tors assigned to primary training. On the basis
of thefr comments, suggestions and criticisms,
revisions were made. Since the intent of this
effort was to isolate recurring student prohlem
areas during pre-solo training, these maneuver
descriptions were given a questionnaire format
with the following dichotomous scales: (1) Does
this item represent a frequent error committed by
the average student on all hops in primary
training?, and (2) If the {tem is an error, is it
critical? Critical error was described as one
which affected a student's grade and was consi-
dered essentlal to the performance of the maneuver,
These preliminary questionnalres were reviewed by
four primary flight instructors in the same format
to be used by the total sample. The purpose of
this simulation was to gain insight into respondee
attitudes toward the inventories. Their comments
were then lncorporated into a final version and
distributed to 97 primary flight instructors,
which was close tu total participation by the
squadron., The average length of these maneuver
descriptions was 10 steps and 123 task elements.

The inventories were completed by 100% of the
instructurs. Upon thelr return, the data were
coded fur computer analysils. Percentages were
assigned for each of the task elements according
to the number of instructors who considered the
element to be an error that was frequently per-
formed by the average student and to be critical
tu his performance. In addition, percentages were
also assligned at the functional objective and step
levels according to the number of Instructors
responding to any of the elements within that
objective or step. Since these two scales were
conaidered to be Independent, their percentages
were multiplied together. This result was assumed
to indicate the number of instructors who believed
this item to be both frequent and critical.

Stated another way, this percentage was considered
to e the probability of efther a task element,
functional objective or sequential step containing
arrors which would result {n a below average or
unsatisfactory maneuver grade. A rank-ordering of
these elemeats, objectlves or steps by these
probabii{ties of occurrence were an indication of
the more serfous flight problems of student pllots
along both the time and type dimensions of maneuver
performance.

A commonal{ty analysis was performed. Each
task element, functional objective and task acti-
vity were analyzed for simflarity and were combined
across the six maneuvers. Standardf{zatlon of
wording, meaning and function within the task
element statements greatly assisted this

effort. The result is the taxonomic outline 1in
Table 1 which was to be used to classify student
performance. Two operations, nine activities,
and 35 functional objectives are shown, which
conceptually depict flight performance as a

joint function of continuous and discrete c ommun {-
cations, scanning and controlling operations that
occur in a four-dimensional inflight environment
of pttch, roll, yaw and thrust. Discrete opera-
tions are defined as Individually distinct move-
ments or mediating responses elicited by environ-
mental cues. Continuous operations contain those
tasks involving multidimensional tracking
responses to either contact cues outside the
cockpit or flight instrument cues within the
cockpit. An activity is one whose main function
involves either a sensory, cognition, motor, or
coordinated perceptual-motor task. A functional
objective 18 defined as part of a maneuver having
the same activity, performance goal, sensory
cues, and task elements. A functional objective
by step, which was the task or error level used
in the maneuver descriptions, has the same defini-
tion as the preceeding statement. The difference
between both categories is that one combines
objectives over time and the other 1s limited to
a sequential step or phase. The nine activities
outlined in this paper are very similar to those
used by other authors (Miller, 1971; Alluisi,
1967; Folley, 1964; Teichner, Whitehead, 1971;
Kelley, Prosin, 1968). At the functional objec-
tive level, however, this congruence diverges.
The following list of task activities and termino-
logy from the literature will demonstrate this
similarity: (1) wmonitor - scanning, detecting,
identifying, monitoring, watchkeeping, sensing,
searching; (2) procedural - short/long term
memory, process, procedures- following, discrete
motor, switching; (3) anticipation/planning -
intellectual, decision-making, problem-solving,
planning; (4) communication - communication; and
(5) continuous pitch, roll, yaw, thrust, brakes -
continuous perceptual-motor, tracking, action.

The 1importance of the taxonomic classifica-
tion depicted in Table 1 is 1its utility as a tool
and a structural model for future research into
performance assessment, selection, training, and
human engineering. Without a unifying system,
Chambers (1969) believed it would be exceedingly
difficult to achieve generalization of research
results, communication between research and
applied workers, application of research results
to applied problems, ard utilization of data
acquired from one applied situation to another.
This outline can now be used with other methodolo-
gles (critical incident techaique, rating forms)
in the determination of the size and scope of
recurring student pilot error.

Critical Incident Technique of Grading Sheets

The critical incident technique (Flanagan,
1954) was applicable to the aims of this {investi-
gation, which was to determine the validity of
the task analytic information and to establish
the utility of the taxonomic classification of
pllot behavior preseanted in Table 1. The inci-
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dents with which this technique deals are descrip-
tions of directly observable human activities which
are sufficiently complete in themselves to permit
inferences to be made about the person performing
the act. Por the incident to be critical, {t

must describe segments of human behavior that are
pertinent to a desired objective, such as student
ptlot error while performing fi{ght maneuvers.
This methodology outlines specific procedures
whereby human error can be catalogued, described
and analyzed.

On each flight after hop 4, the flight
fnstructor had to rate a student's performance by
l1isting on the front page either an above average,
average, below average or unsatisfactory grade
for each of the observed maneuvers. When a below
average or unsatisfactory grade was assigned, the
instructor had to justify this critical incident
by specifying on the back page of the grading
sheet the errors committed by that student. The
flight records of 70 students were selected at
random for analysis. Two criteria had to be met
for final selection: (1) overall primary stage
grade for each student had to be between 2.95 and
3.10, which was considered to be average perfor-
mance, and (2) each of the students completed
advanced flight training, and therefore, were
designated naval aviators. A content analysis
was performed on these written comments from the
back pages of the grading sheets, and the errors
were classified using the taxonomic model in
Table 1.

The Naval Flight Student Reference Manual
was developed from this analysis. This manual
contalng a detailed listing of the student errors
in this study, which are classified according to
maneuver, type (activity, objective, error) and
time (step, phase). In addition, this information
{s divided into two parts: (1) flight maneuver
section presenting 2029 errors by 660 below
average/ unsatisfactory grades for 70 students,
and (2) global item section outlining 1020
errors by 182 below average/unsatisfactory grades
for 39 students. The 2029 errors listed for the
70 students in the flight maneuver section of the
manual was used in the comparison between the
task analytic and rating form data. From this
data pool, typical procedural activity errors
using the throttle control could be classified as
to omission problems (no power addition, retrac-
tion or ad justment), sequence problems (power
applied early/late, out of sequence wth another
control, slow to adjust power), and commission
problems (power reversals during retardation/
advancement, power setting high/low, rough throttle
usage). Tn addition, the following errors were
assoclated with the activity of continuous control
in the pitch axis: (1) high, low or erratic
control of nose attitude; (2) late, slow or no
nose movement; (3) fast, slow or erratic control
of alrspeed; (4) gains, losses or erratic control
of altitude; (5) overcontrol of or rough on flight
stick; (6) late, not enough or no trim; (7) poor
or no overall/external/internal scan pattern; (8)
slow to see or does not see errors; and (9) slow
to make or performs poor error corrections.

Flight Rating Forus

Flight maneuver rating forms were constructed
on the basls of the same conceptual model utilized
in the task analytic questionnaires and the
critical iacident analysis of the grading shects.
These forms were used to evaluate the performance
of 21 students on the four hops immediately
preceding the pre-solo check flight (hop 12). It
was assumed that student performance was somewhat
stable during this perfod, and therefore, a
neaningful analysis could be conducted. In all,
the following ten maneuvers were selected froum
the total 2! potential {tems (minus the three
global {items), which represented 85 percent of
the total number of below averages assigned to
the 70 students: slow flight, power-off stall,
precision spin, approach turn stall, high alti-
tude emergency, low altitude emergency, emergency
landing practice, and full flap approach/ landing/
takeoff.

The rating forms were designed to be read-
able, easy to grade and small enough to be placed
upon the pllot's kneeboard. Sequential phases
and task activities were outlined, respectivelv,
along the columns and rows. Functional objectives
were abbreviated and placed within the matrix of
phases and activities. A decision was made to
use only one common functional objective by phase
rather than having each step specified. The loss
of information was considered to be small with a
concurrent increase in the efficiency and effect-
iveness of data collection. To ensure user
acceptance, two flight instructors evaluated the
forms during a preliminary trial period. After
this evaluation, comments and criticisms were
noted and minor changes to the forms were fincor-
porated. The rating checklists were then distri-
buted to eight primary flight instructors, who
were required to simply check each error when it
occurred during maneuver performance. In addi-
tion, the instructors were requested to assign the
usual grades of above average, average, below
average, or unsatisfactory. In this way, the
frequency and criticalness of the errors could be
assessed.

The analysis of the performance by 21 stu-
dents over the ten maneuvers indicated that there
were 683 errors for 132 below averages, 899
errors for 255 averages, and 117 errors for 82
above averages. These results demonstrate an
approximate linear relationship between grades
and average number of errors with 5.2 and 1.4
errors, respectively, being assigned to below
average and above average performance. The total
number of below average errors were used iln the
comparison of data with the other two methodolo-
gles. An examination of the average number of
errors by grade and task activity indicated that
the most frequent and critical errors are plitch 4
control, roll control, anticipation/planning and

procedures. The average errors for each of the i
three grades over the efght task activities are 3
similarly distributed as tested by a chi-square i
goodneas of fit test ( 2 = ,5059, df = 16, non- i

significant), Two important conclusions can bhe
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derived from this analysis: (1) errors occur
even when performance (s considered proficlent,
and (2)  the difference between the various
levels of performance {s mainly in the number of
ercurs observed within spectfie task actlvities.

When the rating forms were initially developed
and the study designed, the assuaption was that
student performance was relatively stahle or
relfahle during the four flights immediately
preceding the pre-solo check flight. To test
this hypothesis, the number of manenver errors on
the most critical and frequent task activities of
plech, roly, anticipation/planning and procedures
were compared between two flights., Fifteen
students had been observed on two flights over
the ten maneuvers. In other words, a fly-fly
reltiability was determined by comparing the
perfuormance of 15 students on four task activities
(60 cases) on two consecutive days. The result
wis a correlation of .725 which meets the cri~
terion for stability as established by the PETER
battery Jdevelopment program. Another study
(Wilcoxon, et al, 1952) which attempted tv deter-
aine naval student flight reliability, resulted
in a rather low correlation of .3l. This poor
result could possibly be explained by the project's
enphasis upoun specific error withtn each maneuver.
For example, a student could demonstrate the same
error or error type on different maneuvers over
both days. This occurrence would then lower the
reliability. 1If commonality of error acruss
aganeuvers had beea considered in the Wilcoxon
study, it {s quite possible that its resultant
reliabiiity would have approximated the result in
the present investigation.

Validity of Task Analvsis

Recurring inflight errors bv studeat naval
aviators during primary training in the T-34
alrcraft were isolated using three related methodo-
togies: imaneuver task analytic questionnaires,
content analysis of student grading sheets, and
infiight checklists of maneuver performance. The
three efforts were fadependent in that there was
a different instructor an! student sample in cach
case, However, the results werc comparable
hecause each thrust had the same taxononic nodel
as depicted in Table |. For this reason, each
method 1s considered to be a task analytical
prucedure.

Concurrent validities of the three stadent
<rear assessment technidques were determined
turough correlation of edch wethol's results by
sequentidl steps, functional obiectives and
functional objectives by steps within each man-
euver.  These correlations 4re shown Lo Table 2.
The nunber of cases compared were dependent upon
the number of maneuvers anl the levels of ainal y-
sts. The questionnaires collected data on six
Aaneuvers,  Functional objectives are the 1%
Histed fn Tahle 1, and functional ahiectlves hy
steps are these same 35 {tens at a more precise
level, that of each procelural step. These re=
suits indleate a higher relationship between the
rating forms/content of prading sheets than efther

comparison of questionnaires with the other two
methods. All validity esrimates are highly
significant. 1In additton, the correlattons
remaln very similar across the three levels of
analysis within each of the comparisons. Twn
conclusions can be stated based upon these esti-
mates: (1) flight {nstructors are consi{stent in
their determinatfon of student errors, and (2)
they are more consistent when they are rating
observed behavior rather than questionnaire
material .

DISCUSSION

The task analytic procedure as out!ined in
this paper has demonstrated a high level of bhoth
content and concurrent validity as well as high
reliabilitles for both students and Instructors.
The utility of these results can be summarized:
(1) a valid taxonomic model has been developed,
(2) wvalid maneuver task descriptions have heen
outlined, (3) a clearer and more meaningful pic-
ture of student pllot hehavior has emerged, (3)
valid assessment of student pilots can be accom-
plished during the stable and reliable perind of
the three or four hops preceding the pre-solo
check flight, (5) inflight maneuver ratings were
developed which did elicit valid and reliable
data and had flight instructor acceptance, and
(6) the information determined from this study
could have an impact uypon naval student seiection,
training and assessment.

Presently, the Naval Biodvnamics Laboratory
(N1BL) in New Orleans {s attempting to Jevelop a
human pecformance battecy (PEISR, Performance
Evaluation Tests for Cnvironmental Research),
which will be used in unusual and adverse enviran-
ments. The major thrust of the prograa at this
moment is to study various cognitive, perceptial
and psychomotor tasks in order to determine their
stability and sensitivity over repeatel measure~
ments in a laboratory setting. However, 4 tasx
analysis of various . S, Navy johs and wohrk
stations must bhe conducted if the hattery {s to
have applicahility to human performance under
actual and simulated conditions., The technique,
which has heen described in this paper, has the
capability to not oaly define a particular jub,
but to isolate the critical components of that
Jjob. These elements in turn would provide the
basis for a performance measurement svstem, which
can be utilized in both the laboratory and the
actual environment (Shannon, 19800). In cenclu-
sion, the auathor believes that the methoadoloaties
and model discussed {n this paper will aild in the
deve'opment of functional Inventorties and {1 the
assessment of performance in the oceanis environ-
ment, and therefore, will influence the arowth ¢
the NBL battery.
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ANALYTIC METHODOLOGY*#**
(CASES IN PARENTHESLS)

ANALYSILS

LEVELS (@9 (2) 1)
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LA (B8R
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INTRODUCTION

Task analysis 1s a methodological tool which can be used: (1) to des-
cribe the functions performed by the human component, (2) to determine the
relative position of each task on a certain dimension to the overall job, and
(3) to specify the human capabilities necessary for criterion performance.
The results of a valid task analysis can aid in the decision-making process
concerning personnel selection, training and assessment as well as equipment
design and test and evaluation. However, this procedure 1s not rigorous in
the scientific sense, but is more heuristic, creative and innovative. There
are guildelines as to how a task analysis should be conducted, but there are
not any set rules that can reduce this technique to a routine one (Miller,
1971). Researchers in the literature do not always agree on method and de-
finitions, and much of the work is fragmentary and inconsistent without
utility or validity being established (Farina, 1969; Chambers, 1969). However,
the literature can provide models upon which future analysts can develop
their task descriptions. For example, two different approaches to task
anal ysis, hierarchial and time-line scenario, were used by the author to
describe naval flight officer functions in eight navy aircraft (Shannon,
1980a), and naval student pilot behavior while performing six flight maneuvers
(Shannon, 1980b).

Presently, the Naval Biodynamics Laboratory (NBDL) in New Orleans is
attempting to develop a human performance battery (PETER, Performance Evalua-
tion Tests for Environmental Research), which will be used to study behavior
under unusual and adverse conditions (Kennedy, Bittner, Harbeson, 1980). To
facilitate the accomplishment of this goal, a task analysis of various U. S.
Navy jobs and work stations will be conducted. 1In general, the steps to be
followed from inventory development to battery implementation will be: (1)
Research and evaluate the existing literature on performance assessment; (2)
Isolate the critical work stations onboard U. S. Navy ships which are important
to its peacetime and combat missions; (3) Complete a task inventory of these
critical work =tations; (4) Develop a questionnaire in order to isolate the
recurring critical elements pertaining to a particular work station; (5)
Translate these elements into perceptual-psychomotor behavioral couponents;
and (6) Design a perceptual ~psychomotor battery to he used at NBDL which is
compatible with the existing work of PETER.

Previously, a similar progression had been followed in the development
of three task descriptions, which were used to evaluate naval student pilot
training (Shannon, 1980a). Although this information was never used to aid
in the development of a performance battery, most of the necessary work had
been conducted. The purpose of this paper will be to discuss this prior
effort because the outlined methodology, data collection and analyses will
have a direct Impact upon the future direction of the PETER program.




Me thod

Mechanics of Task Description

A statement of purpose is necessary from the beginning in order to give
structure throughout the descriptive and analytical stages. This statement
should contain the goals to be achieved and the personnel to be studied while
using specified equipment components under certain environmental conditions.
Another prerequisite for the analyst is the attainment of a detailed knowledge
of the job, environment, and system to be investigated. This knowledge could
be arrived at through expert opinion, on-site observations, research litera-
ture, interviews, open-ended questionnaires, existing task descriptions, pro-
cedural system handbooks, and pertinent human engineering standards documents.

Task inventory development is performed in gradually refined stages with
the analysis proceeding from large units of information blocks to successively
more detailed lower levels. The qualitative model of the three projects
described in this paper followed a job, role, duty, task and element hier-
archial breakdown. In this model, a job was defined by its roles, a role by
its duties, a duty by 1its tasks, and a task by its elements. A task can also
be defined as a unit of work which 1is directed toward the accomplishment of a
goal. A task statement should contain an action verb with a definite objec-~
tive, and should specify or imply the personnel, equipment and environmental
conditions involved. Approximately 70 action verbs were classified, defined
and utilized in these three studies based upon the following four-category
task taxonomy: sensory/perception, cognition, communication and psychomotor.
This taxonomy is in general agreement with the literature. The utility of a
taxonomy, and standardized action verbs are to allow the analyst to classify
human activities, to have similar meaning and wording within task statements,
and to perform a commonality analysis across jobs. The remaining portions of
this paper will now describe the three Navy projects for which the author
developed task inventories.

Task Inventory Development

In 1973, the Chief of Naval Air Training (CNATRA) decided to upgrade,
revise and evaluate pilot training. This program involved three pipelines
(propeller, jet, helicopter), three phases (primary, basic, advanced) and
eight types of aircraft. The author while stationed at NAMRL in Pensaccla
was the sole consultant during development of three task descriptions, one
for each of the training pipelines., The descriptions listed all of the tasks
an undergraduate pilot performed while he was in training. The inventories
when completed were administered to all fleet replacement air groups (RAGs)
in order to determine the following information on three five-point scales;
(1) How frequently is the task actually performed at the RAG activity? (Fre-
quency), (2) How important is it that students be trained in the task as
undergraduates? (Criticality), and (3) How well does the training command
presently train students in the task relative to RAG entry level require-
ments? (Training Adequacy).

In order to accomplish this task, it was necessary to have representa-

tives from each of the pipelines and stages of undergraduate pilot training
(UPT). These representatives were instructed in the "how of task writing" and
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were supervised throughuut the development of the Inventories by the author,
To ensure a complete inventory of tasks, a matrix was used on each duty.

This schematic contalned a behavioral dimension of action verbs from the task
taxonomy (Y axis) and a functional dimension of equipment or goals (X axis).
The interior of the matrix was completed by the representative instructors
with a simple "yes" or "no" answer to the question "Is this task done?".

The next step in the development of the inventories was the comparison
of tasks throughout the various stages and phases of training. Primary phase
tasks were compared with the tasks in the various stages of the Baslc phase,
which In turn were compared with tasks of the Advanced phase. At the conclu-
slon of this step, there were three groups of tasks (iet, propellier and
helicopter pipelines) which were standardized in meaning and wording. In
addition, a commonalitv analysis was performed in order to determine the
common tasks between pipeiines and the specific tasks within pipelines. This
effort would later allow for generalizations to be stated concerning the UPT
program as well as cross-cowparisons within and between fleet aviation comm-
unities.

The three inventories were titen typed and administered to a limited
number of training command jnstructors in the same questionnaire format to be
used later in the replacemeat alr groups. The purpose of this simulation was
to gain {nsight into respondee attitudes toward the inventories. 1In addition,
the training command instructors were asked to add or to consolidate tasks
when necessary. These ( omments were then incorporated into a final version.
The final three inventories were then prepared for replacement air group
distribution. The average length of the inventories was 340 tasks, and the
average number of common tasks across the three pipelines was 276 or 8! per-
cent of the total. FEach of the Marine and Navy replacement air groups on
both the East and West Coasts were visited. The task analysis questionnaires
were comnpleted by most of the Instructor pilots on-board for an average com-
pletion rate of 88 percent.

Upon return from the field, all data were coded for computer analysis.
Each of the tasks were analyzed b»v the quantitative data from each scale, and
then the tasks were rank-ordered. An "underemphasized" task was considered
to be one which was ranked 790% or higher on the "criticality" scale and 30%
or lower on the "adequacy" scale. An "overemphasized" task had the reverse
order. This filtering technique enabled the analysts to isolate those tasks
which needed toc be improved or added to training, and those tasks that could
be reduced or omitted from training. The average number of "overemphasized"
and "underemphasized" tasks across pipelines were, respectively, 4.3% and
7.2%.

Results and Discussion

A behavioral analysis was performed on the seventeen most underemphasized
tasks in each of the three pipelines. The assumption is that these tasks
(highly critical, inadequately trained) would form the most valid foundation
of a performance battery to asscss pilot behavior. 1In all, there were 37
different tasks which were studied. Individually, each flight task contains
elements which can be considered as parts of an Iinformation processing loop
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between the pllot, aircraft and the environment. This feedback loop contains
the following components of display, sensory, cognition, motor and aircraft
control. This analysis dissected the 37 flight tasks into 194 task el ements
which were classified as to their behavior activities of scan, cognition,
control and communication; flight operations of takeoff/landing and inflight;
and flight conditions of normal and emergency/contingency. The results of
this analysis can be seen in Table ! which indicated that control, takeoff/
landing and emergency/contingency elements had the highest number. The
latter two classifications are more significant when one considers that most
pilot functions are performed inflight under normal conditions. The result

TABLE 1

The Classification of the Underemphasized Task
Elements by Activity, Operation and Condition

ACTIVITY OPERATOR CONDITION
SCAN 54 TAKEOFF/LANDING 103 NORMAL 92
COGNITION 52 INFLIGHT 91 EMERGENCY/CONTINGENCY 102
CONTROL 74

CRTMUNICATION 14

that motor functions are more important than nonmotor abilities (sensory,
cognition) has been supported by other authors (Fleishman, 1966; Shannon,
1980c¢) .

A content analysis of these 37 underemphasized tasks was performed. The
tasks having the most commonality are listed below:

A. Scan

1. Scan inside the cockpit at pertinent instruments (altimeter,
airspeed, needle/ball, navigation, temperature, pressure, frel, etc.) which
will present necessary information for flight maintenance (25).

2. Scan outside the cockpit {ground references, other aircraft,
flight and wing attitudes) at pertinent cues and/or obstructions for purposes
of safety, navigation and flight information (29},

B. Cognition
1. Calculate/apply aerodynamic principles for proper aircraft

performance (during all types of takeoffs/landings/ditchings, stalls/spins,
emergencles, hover) (44).

2. Assesgss system effectiveness and mission capability of the
aircraft (through judgment, composure, ma! function isolation, crosscheck of
degradation) (8).




“ C. Communication

1. Communicate information pertaining to aircraft performance
(with controlling agencies or crew during emergencies/clearance/approach/
departure; with maintenance personnel while recording system mal functions)
(9.

2. Apply proper communication procedures (during clearance,
approach/ departure, emergencies) (5).

D. Control

1. Control aircraft during stall or low lift conditions (departed
flight, spin, high angle of attack, power settling, autorotation) (18).

2. Control aircraft during takeoff/landing emergencies (aborted
takeof f, engine-out waveoff/landing, ditched/forced landing) (18).

3. Control aircraft during emergencies while troubleshooting/coping
with the situation (6).

4. Controi aircraft during normal approach and landing (line-up,
crosswind approach/landing/rollout, high gross weight takeoff/landing, landing
rollout on wet/icy runway) (29).

5. Control aircraft during hover in response to crew chief direc-
tions (3).

The results of this analysis indicate that a battery which was designed
to assess aviator performance should contain visval search/scan, problem-
solving, continuous leg and two-handed tracking tasks, as well as simul-

L taneous tests to evaluate an individual's time-sharing capability and judg-

ment under stress. As demonstrated by these results, the technique, described

in this paper has the capability to not only define a particular jeb, but to

isolate the critical components of that job. These elements in turn can

provide the basis for a performance measurement system, which can be utilized

in both the laboratory and the actual environment (Shannon, 1980c). 1In

. conclusion, the author believes that the methodologies and model discussed in
this paper will aid {n the development of functional inventories in the

: oceanic environment, and therefore, will influence the growth of the NBDL

, battery.




T Y v

-
A Y

References

Chambers, A., Development of a Taxonomy of Human Performance: A Heuristic
Model for the Development of Classification Systems. AIK, Silver Spring,
MD, 1969.

Farina, A. J., Jr., Development of a Taxonumy of Human Performance: A Keview
of Descriptive Schemes for Human Task Behavior., AIR, Washington, D. C.,

1969.

Fleishman, E. A., Human Abilities and the Acquisition of Skill. TIn E. A.
Bilodeau (ed.) Acquisition of Skill, New York: Academic Press, 1966,
147-167.

Kennedy, R. S., Bittner, A. C., Jr. & Harbeson, M. M. An englucerin, approach
to the standardization of Performance Evaluation Tests for Environmental
Research (PETER). Proceedings of the llth Annual Conference of the
Environmental Design and Research Association (EDRA) Charleston, SC.
March 1980.

Miller, R. B., Development of a Taxonomy of Human Performance: a User—
Oriented Approach. AIR, Silver Spring, MD, 1971.

Shannon, R. H., The Utility of Task Analytic Techniques to Research in Unusual
Environments. Proceedings Aerospace Medical Association, 1980a.

Shannon, R. H., The Validity of Task Analytic Information to Human Performance
Research in Unusual Environments. Proceedings Human Factors Socletyv,
1980b.

Shannon, R. H., Task Analytic Approach to Human Performance Battery Develop-
ment. Proceedings Human Factors Societv, 1980c.

16




Procecdings of the S1at Mecting of the Acrospace Medical Association

Anabedn, Y

I Mav 19%0

THE UTLLITY OF TASK ANALYTLC TECHNIQUES TO RESKARCH IN USUSUAL ENVIRONMENTS

RICHARD H,

SHANNON

NAVAL AEROSPACE MEDIGAL RESEARCH 1ABORATORY DETACHMENT, NEW ORLEANS, LA 70189

Task analysis is a methodological tool which
cdan be used: (1) to describe the functions per-
formed by the human component {n a system, (2) to
determine the relative position of each task on a
certdaln dimension to the overall joh, and (37 to
specify the human capabillties necessary for cri-
terfon performance. The results of a valtd task
analysis can aid {n the decision-making process
concerning personnel selectlon, tralning and
assessment as well as equipment design and test and
evaluation. However, this procedure {s not rigor—
ous in the sclentific sense, but {s more heuristic,
creative and innovative. There are guldelines as
to how a task analysis should bhe conducted, hat
there are not any set rules that can reduce this
technique to a routine one. Researchers in the
literature do not always agree on methal and qe-
Finitions, and much of the work (s fragmentary and
inconsistent without utility or validity being
established. However, the literature 10 provide
models upon which future analysts can deveiop their
functional descriptions. The purpose o* this paper
will be to describe the task analytic approach used
by this writer on threc separate U. 5. Navy con-
tracts 1nvolving airborne functions and to outline
fiuture intentions using the same 'mthodology in a
different unusual environment,

Mechanics of Task Description

A statement of purpose is necessary from the
beginning in order to give structure throughour the
descriptive and analyttcal stages. This statement
should contain the goals to he achieved and the
personnel to be studled while using specified
ejulipment components under certaln environmental
conditions. Another prerequisite for the analyst
{3 the attatnment of a detailed knowledge of the
job, environment, and system to he [nvestigated.
This knowledge could be arrived at throngh expert
opinton, on-site ohservations, research '{terature,
fnterviews, open-ended questlonnatires, existing
task descriptions, procedural system hanibooks, and
pertinent human engineerinyg standards dJocuments.

Task fnventory development is performed in
gradually refined stages with the analysls pro-
ceeding from large units of {nformation blocks to
successively mre detailed lower levels, The
qualttative model of the three projects described
in thls paper followed a job, role, dutv, task and
element hierarchlal breakdown. In this model, a
job was defined hy fts roles, a role by Lts duties,
a duty by Lts tasks, and a task by [ts elements, A
task can also he deflned s a unlt of work which s
directed toward the accomplistunent of a ,oal. A
task statement should contatln an action verb with a
delinite objective, and should specify or tnply the
personnel, equipment and enviroamental conditions
fnvolved. Approximately 70 action verhs were class-
1fied, deftnel and utilized {(n these three studies
nased upon the following four-category task taxo-
aomy: sensory/perceptlion, cognition, communication
and psychamotor. This taxonomy is in general
agrecment with the literature. The utility of a
taxonony and standardized action verhs {5 ro ) 1aw
the analyvst to classify human activities, to Yhave

gimilar meaning and wording within task statements,
and to perform a commonality analysis acruss jobs.
The remaining portions of this paper will now des-
cribe the three Navy projects for which the author
developed task {nventories,

Naval Flight Officer Project (1, 2}

In 1971, the Chief of Naval Operations (CNOJ,
recognized a need to revise the naval flight
officer (NFO) training program and to determine
future training equipment requirements and charad-~
teristics. 1In response to this need, the Naval
Aerospace Medical Research Laboratuory (RAMRL) 1In
Pensacola, Florida was requested to coonduct a
serfes of investigations analvzing the operationa!
functions of the NFO in the Fli4, F&, A6, P3C, P3IR,
K2R, FEAA, RASC. In all there were 13 positions in
elght aircraft.

The F4 and Fl4 aircraft were selected as the
fnitial posttions to be described. This decision
depended upon the existence of the Fli Readiness
Air Group (VFL24) and Alrcrew Training Team whose
members had operiational experience in the Fi4 and
were knowledgeable concerning the svstens in the
Fl4. These two Inventorles became the hasls for
the Naval Flivut Offlcer Reference System, which
was a pool of all NFO tasks in completed inven-
torries by duty and role. For exanple, the Fu4'Fl4
tasks were the foundatinn for the A6 description,
while the FiA/FLL/AA Ltem pool helped levelop the
P3C.  Local technical advisors reviewel the NEO
Reference Systen to select those task ttems which
were tdentical and stmilar to thelr afreraft.  An
interview was then conducted Involviag an adsisor’s
comments, and additional {tems were Jdeveloped or
existing tasks reworded. Tn this wav, =ach iaven-
tory was standariized ax to wording and meanting.
Tis procedure enahled the performance at a later
date of a commonal ity analysis, which indicated
sintlarities and differences between NFO positians,
Revislons, therefore, to the NFO training progran
could be recmmended.

After the development of a preliminary {aven-
tory, selerted members of a replacement air group
(RAG) squadron for the subject aircraft reviewe!
the task content. DNDeletions, additions and reword-
ing of task statements bhased upon these conments
were fncorporated into the final iaventorv which
was then mailed to all the operational sjquadrms {n
the fleet. The average lenpth of these functional
description was 283 tasks. Two seven-point scales
were used In the functional Inventory to weasure
efther the required proportion of time and effort
(Part of Position) or the importance (Critica’ity)
of each task/duty/role relative to the remaining
tasks, duties, roles. When the conpletel niestion-
naires were returned, this information was coled,
keypunched and analvzed. A "Part ot Position” ani
"Critical itv" mean, standard deviation, percent
performing, and frequencv distribution wis viven
for each role, duty, and task. The average rate of
analyzed to mailed inventories by NVO position wis
A7 percent.




Intergradudte Pilot Training Project(d)

T L9773, the Jhfel of SNaval Mr Tratuing
CNATRAY dectded o uperile, revise and evalaate
pllot traianlog. Tals program fuvolved three plpe-
Ploes fpropetler, fet, Lel toopter), three phases
corbaaty, basle, advanced) anl efght types of air-
vralt,  The author while statloned at NAMIL in
Teiasacola wis the sole cousultant daring develop
went of three task Jdescriptions, one for each of
the teataloyg pipelines.  The descriptions listed
it of the tasks an unlergrdduate ptlot performed
Shtie he was {n tratniong. The lnventories when
completed were adminilstered to all fleet replace-
tent o alr groups (RAGS) lu order to determlne the
tallowlng Inforuattion on three five-polnt scales:
Y How frequently 15 the task actually performed
at the RAS activity?  (FrequencyY, (2) How impor-
taat ts e that students be trained fn the task as
mderaraduates?  (Critteality), and (3) How well
Joes the tratning command presently traln students
in the task relative to RAG entry level require-
wents!  (Tratning Adequacy).

In order to accomplish this task, {t was
necessdry to have representatives from each of the
pipelines and stages of undergraduate pilot traln-
fng (UPD). These representatives were instructed
in the "how of task writing' and were supervised
throughout the development of the inventories by
the author. To ensure a complete inventory of
tasks, 4 matrix was used on each dutyv., This sche-
rat e contained a behavioral dimension of action
verbs from the task taxonuvmy (Y axis) and a func-
tional dimenslon of equipment or goals (x axis).
The tnteclor of the mateix was completed by the
representative {nstructors with a simple "yes" or
"no" answer to the question "Is this task done?".

The next «tep {n the development of the in-
ventories wis the comparison of tasks throughout
the varlous stages and phases of training. Pri-
mdary phase tasks were compared with the tasks in
the varfous stages of the Basic phase, which in
turn were compared with tasks of the Advancel
rhase., At the conclusion of this step, there were
three groups of tasks (jet, propelier and helfcop-
ter pipelinesy which were standardized in meianing
and wording. In addition, a commonallity analysis
was performed in order to determine the common tasks
between pipelines and the speclflc tasks within
plpelnes. This effort would later allow for gen-—
eralizations to be stated concerning the UPT pro-
gram as well as cross-comparisons within and bhe-
tweer fleer aviation communities.

The three i{nventories were then typed and
administered 15 a Timited number of tralniag
command {nstructoers fa the same questionnatre
foraat o e used later in the replacement alr
aroups. The purpase of this simulation was to gain
tasighr {nt» respondee attitudes toward the {aven-
torfes, In aiditiom, the trafining command inetrac-
cors were asked tooadd or consolidate tasks when
tecsassary . These comnents were then (n-orporated
flaal wverslon. The final three {nventories

nn
were then arepare! for replacement alr proup iHs-

ertgrtan, The average length of the Inventories
wis 1 tashs, and the average numbher of common

sk arross the three plpelines was J76 or Bl per-
cent of the total . Fach of the Mar!ne ool Navy
rontacement alr grogps on et the Fast and West

Coasts wore vistted The taar ownal onts g et
aalrus were completed boouost Gt e ot oty
ol oty wr-Soard tor g averayr il thon rate ot

B8 percent,
Voon teturs from the el a0 Yt owe e et

for computer anaivsts,  FEact of th o taaty weie

analyzed by he qoantitative date frow

and then the Cask- wete rane-or jered, Yot~
enphiasfzel” tass was omniderel o e W wae
ranked 70T or higteer oo cltner the Ttre I
"erttlealtty"” scales and 3 or o oy Ple-
quacy' scate. aa Moverenphas lee N tase ald oo ra-
verse order. This filterfug te bty cashled e
analysts to tsolate those tasco Wil o weeled v mw
tieproved or added to tealafng, and oF ooe taar o
could be reducel or o omitted fron tralal e T
avergye nanher ol Moveremptasiae oand U iaderes e
sized” Casks dacross plpellaes ere rosoect ivels 0%

and 7L27,
P18 fask Descrlption tn Fost and Zualaation o

The purpose 07 thls »ffnrt was to expiore e
feasibi! ity of the application of - vaaater-aided

technlgques to the test and evaluatim b R
FI8 alrcrart svstem.  HBecanse thls alr vafe is

gle seated, the aLlot wiuld Mgve more taaks 2l

VS )

that of a two=-man fighrter saclc as e Fo g Pl
Durtayg the testing 7 the FIR, 1
considered bnperative that the Twnan eapineering

¢ wias therefare

aspeots of the gvstem be seratinlzen wlit'c extren:
care and that rapid communication % Jeff-feicies

to dectatan—makers e feplemented,

In regponse to this qeed | the Pi-191e Miaalle
Test Center, Point Maca, Talifornta Sindedl he
anthar gn 1478 rn "gevelop an FiR o lase Tavonon:
that depiots the ctivities requirved or an VIX of1 ot
anider VER/IFR and Aavinight ennditions 1l a-roge
At wiaston profiles.” {3 rasking was slven due
to tie author having "spertalized owtedge not
avatiable currently at PACMISTESTORN,”  The task
faventory 4as to he 1 part of an ongoing proterct
caliet Mission Dperabiliity Assessment Techniqie
CMOATY, which 1 A tosl thr assessing man-svstem
compatihitl
poal was to foraulate a single {nterval siiale for
rating FI¥ tas<ks whiich conrained elements of two
sepirate seales - & "
worzlead.,  In additisn, a portable BY 3100 Computer
wonld obe ased to oatd the pllots tn thelr ratings

fty as reiated to mission success.  The

\

te ettectiveness and it

SRR ot

tmmediately after fiight completing,

The pilot fnvontory was deveroped e

vatlioas MaNoane! D Mreorafe Corpany pu

Coatataed

otte ot ognderaradaate o8

the FlH, and the fske o the "Conrralias

0f Mtrerade”

task analvsis

catar oantercept

ete Fa

OFF e deseription. The hferarchial atroctare

c
the rask descorfpt! o foll wed 1 role, daty, task
outline as well an mtsslen ~llnes, The tdpe-Tiloe

classiff{cat fon oo luded toe prases of grow

tions, tareol 7 shout, onroute, tactical, dpprod.a

Taniny ., The tole fommat wias Tontrotler ot Alreva‘r,

Wearons Mlaager i Support Tvstens Manawer,  The
ompieted task deacription was checsed hwoone of e

Fln

test piloats 4t Tataxeat River, Marviand foar -

et Wwere 1 i -

provtetess and g car ey s

pardtet juto the Tiaql versicn, whiich wis then giv
Coor tal Moo Thiis dnventory consiste !l b SN o
Mo sk, wWhitet expanded to anpr oo imatel b7 taiks

Wi U Triehe e lione wete oo faered

- et




M ussion
W_M_-A'l’{)';ugh three Jltterent projects were Jdfg-
cussed, tne techatque and model were siaflar tor
each stady o aud the developed taventories can he
cons ldered examples of a4 particular task analvefe
nethiviologve Thas piaper al so stiowed Ciar there
wis 4 commonal ity of functions deross jobs, miag-
stons and platfoms.  In general, the NFO oand
priot descriptions had much content validity i
arility,  Both tralufng prouvrams were [nfluenced
heothe resuits from o the tleet. The Fif description
at the MIAT protect, on the other hand, stiil has
to shuw Lts applicability.  However, the pilote
At revise the existing fnventory whiile 1t is
belng used dariny the test and evaluarton phase of
development.  This flexfbility <hould eventually
{noredase the faventory's validity and uttilitey,
Presently, the NAMRL Detachment {n New Orleans
{s attenpting ro Jdevelop a haman perforaance
Yqttery (PETER, Perfoomance Fvalaation Tests for
Enviroamental Reseirch), which will be ased o
unusual and adverse eavironments,  The maior
thrust of the program 1t this moment 15 to stody
vavrlous cognitive, perceptaal and psychonotor
tasks in order to determine thelr stantltty and
sens{tivity over repeated medsureneants in a lahora-
trry setting, However, 1 task anilysis »f viartous
1. S, Navy jobs and work stations aust be conducted
1¥ the bhattery 15 to have applicab{l{ty t» human
performance under actual and si{mialated choaie
This tecnniqie has the capability to not onlvy
dearribe A particalar jobh, bt to fanlate the
critica! comnonents of that Ian, Thege elements
in turn wonld provide the basis for a perfornance
easnrement sygtem, which can he util{zed fa hoeh
the laboratory and the actnal enviroament. In
conctasion, the anthor heifeves that the methodn-
taze and model discussed In thia paper will ald in
the develop-eat of functinna’ fnventnrice and fa
the assessment Af perfoamance {n the oceandc
environment, 1nd therefoare will {nfluence the
arowth of the NAMRLD batterv.

mns .,
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A UOMPARTSUN OF TACTIUCAL NAVAL WORK STATIONS WIHIN THE AT AND SEA ENVIRONMENDS
' Richard H, shaanon & Robert €, Carter
l NAVAL BLODYNAMICS LABORATORY, NEW ORLEANS, LA. 7018y
‘ INTRODUC TLON
jr The Naval Blodvanam{cs Laboratory is develop- enviromment . The ClCO dnventory outlined tdsws
] e, 4 humdan performance battery which will be performed v two  Individuals  in an airborne
i ased  to stady behavior under unusuasl oand adverse enviromment,
s conditions. o facilitate the accomplishment of
! thiis woal, a4 task andalysls of varlous Navy jobs COMMONAL L TY ANALTSLS
' and  work  stations s beiny conducted. Privr The two work station descriptions wele
E eftorts under this project which utilized this studied using the Position Anaivsis Juestloniaire
atatvtical tool can  be found in Shuannon (PAY)) (MeCormics, Jeanneret, and Mecham, 14725 in
(Ivgaa b e )L The present study  extends  this urder to translate the specific tusks reiate] to
work  wvovomparing two work statious which have divferent environments, work stations, and equi -
scailar tactical  missions and whose tasks are ment  into cowmon task elements.  Thls questiogn-
pertormed i two  different environments, The naite s cowpooed  of 154 elenents @ ich oare
nyoothesis used in ehis comparison s that there sepdrated into six divisioas: ioformdation inpat,
ta 4 nigh commonaiity of haman work functioas mental processes, wore ovutput, relationshins witn
toross tobs having sitmilar omlsstioa orfentations others, job context, and other job characteristics. '
sren When there are ditferences in equipment, The PAQ elemnent scores were converted to 45 1al
phacthrrm aud enviromment.  The two work stations fartor scores hy using factor loadiavs develaned
matvzed are the tactical tasks of the Comhat for 2200 johs by McCormick et al, The 45 factors
Intornatisn Center (Cl) of Navy ships and the (dimensions) include 33 for the six divisions ot
Comhat [aformation Control Officer (ClLCO) aboard lined above and 12 for the overall fob.,
the B2 oatreraft. o addition, the statistical Separate PAQ  analyses were conducted by
alvses of 4 prel tafnary battery to assess CIC two different rescarchers, one f.r CIC and rthe
perfoarnance wil!l he discussed. other for CLCO. Mecham, McCormick and Jeaaneret
(1977) supwest that agreement hetween PAG anaivets
FASK INVENTORY DEVELOPMENT be indicated bv a4 product-moment correlation of
Task inventory development 1is pecforwed in their 194 job element ratings. Tue correlatiog
wradaally reflned stages with the analysis pro- between hoth sets of ratings (CIC & TiIZ0 was
ceeding froen large unlts of infornation blocks to r = .83, Seven of the 194 elements were the malor
sacresstvely aore detailed lower levels, The sources of  disagrcement bhetween analvsts,  and
matitative model ~f the two efforts described in witiiout  those elements  the  correladtinng was
thts paper followed a joh, role, dutv, task, and r = .91, These elenents teflected ditf{wrences {a
elenent “YWerarchlial SreakJown. I thils model, a mdnnin,u, tevels (e.q., CIC nas more cogle, so
pohwas deflned by tts roles, a rale hy lts there is more supervision) and envirooment (¢ .
tities, 1 faty hy {ts tasks, and a task by fts CICn  dnclades  airborne vihration, noise, d
AR Aotaskocan 1lso he Jertined as oa unit close  quarters thdat are not characteristic of
of work Shilch is directed toward the accomplish- Cley ., The two analvsts' ratines were con
eatoaf a woal, to factor scares M tae 45 dimens! e of the PAY,
rtaal laveatory of 249 tasks pertaining to and  the  ressit{uy correlatinon hetwern  *hois
t < Iaformatisn Control Officer  (01ICO) factur scores wds 1= .75, [F the Si1v ta~tare
S1tin the BRI aivcraft  Was Wwritten, {antent (job  dimensioans) reiated to maunniig Leve and
teowirs estahlishied  using sabjecte-matter worl enviroament were aot considered, the corre-
saoevtsoand existing task descriptions during in- Tation was ro= L87T. These  (usalts inl
sevtory development, Two seven-point scales were that (@) the analvsts are reliable, 4 s
ol v the functional inventory  to omeasare CIC and IGO0 are extremciv - (00 fesy
: eooreqalred proportlon of time and effort differences 0 vnlmaean, platfor, wad envic L .oas,
Masltion) or the taportince (Critical {tv) Theretfore, taese correiations lend supeore
o7 vt tasx, luty, and role. A sanple of 35 hvpotheois tha- job e wlth sinilar
people condeted the tass analyvtic guestionnaires, taricng Niave Somamanal Lov N Baman :
dditionalr {nformation concerning Y2 task {aven- fanotiona,
tory development  aad anatvsis can he founl in Tt ow g tab dimenataae oy 0 el e
Tainnoen Co980a0 . Sl et DAC sere Fdene{tied e e T
Nopi sl lwinary tas” inventory conceralag Ve Lovrs e Toiag mer veaentative o v 10 L
cebiar Daformizion Seater aboard Na Sl WS HNREER NI N A e st oasdn. oot S
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and performlng clecical ‘vetated activities,  the
Jimensicns that are common to both rhe OO0 and
CICU work station teplty cobs davalcfoe mibiftary
tactical control.  The rodiveats of sach Fohs e

command . control | communtcation wd coordivarton,

e s hepothesized that wobs vetlecrins thoese

charactertstics wili have simitar fob Jdimeas Tons,
'n addition to the PAYD dlmeasions o ommon, ci0
ana S0 each have  unlque  aspects, CleD) wias

charactertzed by befar to hazardous job situations

sertorming austructured work, and worging inoan
unnleasant/hazardous/demanding enviroament, The
o dirensions wnlque  to 10 were  perfop-fng
‘caordtnation‘retated aertivities, ox-
Shaneing dob-retated infomatton, and sipervis-
e directing ‘esrinating.

S rvisory

ST & SVALUVATION

Coascarmprion that vacious fobs can be come
posed o7 the same human work funetions o4 basis
for the concept  of foh  component  valfdity
(MeCormick, 1979 the procedare far o stahlish-
fug validity fncludes: (Y idont’fi atlon of the
work fancrions and their relative Imporrdice, a0
deteraination of human attributes associared witn
successinl performance of the workx tuanetions, and
o) combination of  the attribate reyalrements
associated with each function into an «-~timate OF
the regqairenents for the entire job. It the job
component  validation {5 successtul,  then  the
Laman attribates and worc fuanctoas acgaire

constract validitv., O course, o iob osnponeat
validity eifort presumes thit o+ toxoaory of work
functions and a metnod for weasarine all relevent
human attritmites are availanle. Boll, o these
needs can he met through the use of tre PAD aad
the propar selection of psvchological tests to
measire human attributes (Carter, RKennedy, and
Aittner, 19301,

What, then, are the human attvraibutes required
hv these two johs and how can they be measured?
It was decided that those PAO elemcents, which are
rated as very important and (re fdentified < a
part of important iob dimensisns, represent the
eswential attrihutes of C1C and LSO, The 38 PAQ
elements which qualified were compared with tests
from the Xit of Cognitive Factors by FKistrom,
rench, Harman, and Yermen f197n).  ne test was
selected to represent each. factar {n the WL, and
then the tests were evaluated for their relation-
ship to each of the 58 essential work olements.
Seven tests were selected which hat the hiphent
numher of PAN elements., The emahasis of theso
tests was upnan perceptual | reasoniae, and numeri-
cal abilities,

These  tests were riministored as a pilet
study  to eight Navy enlisted volunteers once A
day  for 1N consecutive werkdays (vaturdiy  aad
Snnday exeludedi.  The order of the tests for il
suhjects was randomized between days but remainad
the same within days, Datly means, vartances, and
the {nterday (intertrial) correlations of each
test were calenlated, Two of the tests shownd
substantial linear {nereascs of thelr nean scores
rcross the 10-day experiment., Ninety-five percent
vt the varfanes of Hidden Figures dally means was
ltaear, and 96 percent of the varfance of the

Mace Troacday means was fnear, T -
v oand oS untta o per lay,  rosne K
other  test, el less than DU porcent ot e

varfance of thefr qeane attefhatad 1o oy Line g

trend; the soored were not o apprecigbde gfteoes !

by opravtive, Statlarty, the with i
o al b seven tests were Tittle afterted Sy onr ot tee,

In addition, fatertrial correlatdon, were st died
in order to determine the rellanijity o1 meisire-

BESANE S LI

ment  among the subfects trom day to dav. Al ter
all, a test {s of Mttle valae $* {1 megsgres o
transient  character{stic, Two of  the  resr

Building Memory, and Declphering lan,:i
not measure a4 consistent fﬂ‘.’l«)l’ across oo,
factur solution for each test =howed ¢4t .
39 percent and 4] perceant, respectivelv, 6 1
varlance was belng explained. Another test, "are
Tracing, appedared to measure the same fa - tor
{spatial scanning) every time it was administere!
with 81 percent of the variance belny explained
across the 10 days. The remainin, tects fHidden
Fiyures, Form Board, Addition, and “Mathematics
Aptitude) were of intermediate generalizahiiiow
across days. hey had 74, 71, 63, and 97 percent,
respectilvely, of their wvarfance acruss  davs
explained wusing 1 single factur solution. In

’
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sumpnary, several of the tests appeared to nmeasure
persistent attributes of the subiects and to be !
related to the CIC and CLCY jobs. ¢ more prom-
{sinpg tests will be examined with larger griaps
of subjects. Kennedy, Carter, and RBittner (1980
have used a similar method to identify other
tests that measure generalizable human attrihutes
which may be useful for job component va'idation.

IMPLICATIONS

[dentifving tests that are related to jiobs
is only the second phase of an effort to estab-
lish validity. The importance, or welght in the
performance prediction equation, of each test is
vet to be established. These weights could he
obtained from the ratiags of the {mportance of
FAQ elements to each job, and from ratings of the
vxtent to which each performance test represents
the elements., The resulting weighted test hattery
could bhe used to predict performance on the 3ob,
or to studv the effect of envirommental stress on
job  performance. Furthermore, this {nformation
would provide a hasis for gynthesizing an analog
to the job from the tests. By taking into account
other important job attributes (like task sequenc-
ing, consequences of errors, rates of performance,
and criticality of tasks), a simuiated job could
be constructed from the tests, just as complex
molecules are coanstructed from a few simple
elements In another domain of science. .Job com-
ponent validity {is the first step in the evolu-
tfon of a setlence of work hehavior, ani ioh
analy«is {s the first step {n job component
validation,

(REFERENCES supplied hv the aunthors upon
request.)
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